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Exeautive Sunmary

"We dorit want to delate climate change.We wantto stopit.”
- Apple (2015)
"Evey year westrive to outdo aurselves in operating susainably.”
- Adobe(2013)

"We leverage ar uniqueassets androlein the global marketplaceto influerce Earth-positive
impads alongthecommerce vdue dain."

- EBay(2015)
Context and project goals

Whenit comesto innovation in energy and bilding performance, one€anexpect leadng-edge
adivity fromthetedinoogy sector. As front-lineinnovatorsin design, materials science,and
information manayemert, developing andoperating high-performance lildingsis anatural
extension of their core business.

Theenrergy chdcesmadeby techndogy comparieshawe lroadimportance giventheir influence
on saiety atlarge as well astheextentof their own energy foatprint. Microsoft, for example,
hasapproximately 250facilitiesaround the wald (30 milli on squere feet of floor area), with
significant aggregate energy useof approximately 4 million kil owatt-hours per day (Figure 1.
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Figure 1. Microsoftés global energy footprint.

Thereisa degreeof existing documertation of effortsto design, buld, andoperate facilitiesin the
tecimology sector. However, the material is fragmernted andypically looks anly atasingle
compary, or discrete projects within acompary. Corporate social responsibility repats provide a
useful overview of godsand initiatives. Databeses of LEED and Emrgy Star buildings provide
insight into the autcomesfor individual buildings. Various rews andtrade press repats
occaiondly fill in missingdetails. Yet, thereisno singe resource for corporate planrers and
dedsion makers thattakesstock of the gportunitiesand documnents sector-specific casestudies

in astructured manne. This report seeksto fill that gap, dong sothrough a canbination of
gengalizedtechrology assessments ( Key Strategiesd) andcase studies(fiFlagship Piojectso).

Thetecmology sector ismaking upfor lost timewhen it comesto high-performance
buildings andinfrastructure

Accadingto induwstry observers andthe canparies 6wn satemerts, manytechfirms are only
recently hitting their stridewhenit comesto manajing enggy useandcarbon emissions.This
may in pat be arefledion of the industryé posture towardsfacility design andmaster-planring
more gengally. Accadingto David Radcliffe, GoogleGs VP ofreal estate development: fiTech
realy hasn& ad@teda particular language for buildings. | mean,wedve justfound old buil dings,
a n d vewmevedinto them, andmadedo bestwecould . 0O


https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects
http://greensource.construction.com/features/currents/2012/1207-high-tech-headquarters.asp
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
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‘Other’ Includes avariety of energy saving measures, such as Improving faclites and
voluntary staff Inflaves. Data are drawn from question 3:3b. Figures reflect total reported
Investment and savings. Some companies do not provide quantitative data for all
disclosed projects. Thus, any Implied refationship between Investment, monetary savings,
and COge reductions, as a sector, may be Imited. For deeper analyses, refer to
company-specific Information.

Figure 2. Enagy efficiency gains captured within the Information Tedinology sector by the 30
leadingCDP resporders. fEnergyefficiency processesd a r ssumedo beprimarily data
certers.

Theprimary souce of information ontheindustryé progress is through voluntary information-
gatheringinitiativessuch asthe Garbon Disclosure Projed, CDP. Historicaly, the information
techhology sector had lagged most othersin terms of emissionsreductions,progresstowards
targets, and related disclosures(PwC 2011).

While data centers readily come to mind asthedriving force béiind thetechrology sectorés
cabon footprint, reports from theleadys in this spacesuggest that abaut onequarter of potertia
savings and ore-third of energy cost savings are foundnotin servers butin buildings (Figure

2). Microsoft reportsthatnealy 40% of its entire corporate carbonfootprint (including busness
travel) is attributed to its tuil dings (Accerture 2011). In cortrast, Facelwok repats that 96% of
itserergy useisin data centers. Ebayestimatesthat about 26% of its carbon footprint is
attributad e to its office buil dings, and 50% to its data certers, and % to warehauses.

While rot always first-movers, tech canpanes have engagedin sgnificant effortsto manage
enggy usein their buildings. Forexample, kil ding on eff orts begunin 2006,70% of AdobeGs
floorspacehasbeen LEED certified.


https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/microsoft
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/facebook
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
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Figure 3. Excerpt fromCarbonDisclosure Project listing 30 compnies comprising th e Clifnate
Performanceleadership Ind e xwvibhin the I T sector.

Information Techrology sector by the 30leadng CDP responders. A E rgeefficiencyprocesses 0
are assumedto be primarily data centers.

Carbonneurality hasalso becane awidespreadgoalin thetechnology sector. While canparies
have madesignificant stridesby reducing erergy use, theyhave dsoin manycass madeupthe
difference bypurchasingthird-party carbonoffsets. Tech canpariessuch as AdobeandGoogle
have fully off setall emissions bycombining on- and df-site aproaches; Appleisclose béind
areadyhavingdoneso in its USopeaations. Many of the canparies have pusued a lroader array
of sustainability objectives(water, materials, weste, etc.), including focus onsugply chans
"upstream” fromtheir customer-fadng opeations.

Pulseof the Industry: Evidencefrom Carbon DisclosureProject Reporting

Theglobal Carbon Disclosure Project (CDP) depdoys an anmial surveyto over 5000 ofthe
worldés largest comparies on belaf of approximately 767 ingtitutional investors (asset managers,
asset owners, barks, insurers, and ahers) represerting $90trillion undermanayementas of2014,
or onethird of theworldG invested capital. This voluntary survey seeks information on
respondentsdperceivedrisks and goportunitiesassodated wih climate charge, erergy useand


https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/adobe
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple

cabon footprint, and investmerts and progressin reducing emissions. Theresults are compil ed,
andyzed, anccommunicaed to the marketplace.

Approximately 40% of compariesoptedto respond to thelatest survey (2014). Facebooksthe
only companyamongour casestudiesthat receivesinvitations hut hasnot as ofthe latest CDP
cycle resporded.

The CDP 6f€limate PerformancelLeacership In d e (€Rb1) represents the extentof corporate
awaleness of theissues, efficacyof efforts manage dimate risks and opportunities, and progress
towards targets (CDP 205). Thelatest CPLI indudes four of theeight comparies for which we
have developedcase studies--Adobe,Apple, Google, and Microsdt (andinfosys wasonthe 2.3
list).

Figure 3showsthe 30highest-rating IT industry respondensto the CDP. Theindex represents the
extent of corporate avareressof the issues, efficacy of eff orts manaye di mate risks and
oppatunities, andprogress towards targets. Acrossall sectors, approximately 10% of responding
companesattain inclusionin the index(the valuefor thetechrnology sector is notknown).

Corporate ampusesare integral elements of broader urban systems

Techrology companyfadlities are tightly comectedwith the surounding urbaninfrastructure.
However, facility developers and operators have historicall y tendedto focusmore inwards than
outwards, making only limited efforts to optimize the broader connections.Thisdynamicis
rapdly charging.

Thescale of some ofthetechndogy industryGs projects createsa potertialy constructive tenson
regardingthe owrerés reeds and its relationship to the broader urbansystemin whichits
opeaationsare nested. In perhapsthe most prominent example ofthis, Appleisinvestingin
community-scale energy aswell asrecycled water infrastructure (Love 2QL5) to help runther
propcsed expardedfadlities bycortributingto upstream captal projects that serve thelarger
community. Apple andFirgt Sdarannouncedin early 2015thattheyare pging $848million for
25yeas of the autput of a130MW block of First Sdar's Cdifornia Flats projectin Sautheast
Monterey County. Inthesame vein, Google hasinvested $18 billionto date in solarandwind
enagy infrastructure projects. Many corporate canpuses are seeking to reducethe overall
building footprint while increasing vegetatedand mrous surfaces wile better managing rundf.
In its Hyderabadcampus,Infosys statesthat such eff orts have actually hd ped to raisethe
undelying water table.

In andherexample of community-scale cansiderations, at Ebay's DrapeiUT Cugomer Savice
Center LED parking lighting wasused with peer-to-peer controls, reducing li ght poll ution and
meding Dark-Sky Sodety standards for li ght pollution.

Keystrategies can beimplemented atall scales

There are a wide array of key strategiesfor achievingincreasedbuilding peformance. At the
highest level thesebreakdown into the road danainsof energy demand, enggy supdy, and
indoor environmert. Onceenergy efficiencyis maximized, reneweble energy resources canthen
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https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/ebay
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/ebay
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/ebay

be cat-eff ectively marshaledto serve theremaining energy needs. Syply and dmand
necesarily interact, not only with respect to the provision ofon-site het and paver, butalsoin
theability of buildings to communicae and interact with the electric grid in whichtheyare
nested. Indoorenvironmentis a cross-cutting consideration, andonethat is closgly tied with tech
companies gods for creating desirade workernvironmentsto help attract andretain talert.

We identify twelve lroad areasof focus (Talde 1)including discrete demand-sidetechnol ogies,
integrated systems (assemblagesof techrologiesand their controls) at the individual building
level, and multi-buil ding or campus-level perspective whereresourcesare sheredor otherwise
interact. Within these areaswe have deineated 61 established best pradicesand 70 emerging
oppatunities. Key attributesfor manyof these are ddinestedin Table 2. Theseattributesinclude
market readness, RO, enegy savings potertial, water savings, acoustics, maintenance

impli cations, influence on qudity of indoor environment, andingtitutional considerations.

Flagship projects demonstrate keystrategiesin practice

To complementthe wide-ranging "geneic" discussion of best practicesand energing
tecmologies thatare raising the ba, we have asembledreal-world profiles of eight leading
technology comparies. These begin with brief overviews of enterprise-wide gods and initiatives,
andthenfocuson asingle fiFlagship Projecto to illugtrate specific implemertations of key
strategies.

Thesecompariesrepresenta canbined wokforce of about400,000peqole, &0 locdions, and
over 50 million sauare feet of floorspace. The specific flagship projects we hae described
represent 36 buildings and 9 milli onsquere feet of floor area.The profiled canpariesandthe
highlighted Flagship Piojeds are shown in Figure 4. Talde 3 summarizesand povidesa side-by-
sidecomparison.


https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects
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Figure 4. Hagship projeds, interactive map here.

Theflagship case studiesvary in neture. Sane (Apple, Ebay, Genenech, and Infosys) are new
corstruction, while others (Adobe, Faebodk, andGooge) are retrofit. The Genentechnew
corstruction case delvesinto the underlying design process, illustrating how setting specific
performancegods hdpedto deer aniterative design processdrivenvery strongly by a desre to
maximize enegy performance ad workplace ervironmental quality, informed bythelatest
enagy research andtesting facilitiesandverifying predicted performance vith measued dita. In
same caes(particularly EbayandGoogle), relatively little information wasavail ablein the
pulic damain. The Apple caseillustrateshowthe developmentof particularly large projects has
compdledthe developer to patnerwith ather entitiesto increase"upstream” water anderergy
resources, in this case regycled water infrastructure and certral PV power stations. Infosysisthe
only casethat providespublicly avail able post-occupancyevaluation, and the results showed
significantly higheroccupant comfort andsatisfaction with the greenerbuilding than wih an
otherwise idertical comparison huil ding.

Whilethese canparies asoown and @erate daa enters and manuacturing facilities, thefocus
hereis on corporate spaces. Wedsonote exanplesof how the comparieshave madeeff orts to
improve the dficiencyof water use andto provide more ervironmertally friendly transportation
optionsfor employees.

One somewhatsurprising observationisthat the canpanes have madeonly modest eff orts to
have their buildings formally rated. Apple hasnot obtained Energy Star ratings for anyof their
buildings (pertheofficial database). While all have some LEED-rated buldingsit is asmall


https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/apple
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https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/google
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numberin mostcases andonly one oftheselectedflagship projectsis LEED-rated. Thereisalso
little evidenceof systematic in-housebenchmarking practices.

Theseprojects achievedvery signifi cantresourceredwction goas. Energy usewasreducedfrom
30%to 44%, and water was reduced by50%to 76%. Most aspiredto achieve zero netcarbon
emissionsthrough a canbinaion of onsite efficiencies and renavables and the purchaseof off-
site cleanpower or carbon credits. No doit reflective ofthe view of manycompanes, Google
hasclearly statedthatoneof the prime divers of its aggressive push towardsrenewaldesisthe
hedjing value dfered againstfuture fossil-fuel price spikes.

Institutional Condderations: Buildings ae paceswhere people work and innovate

While manufacturing anddata-processing facilitiesmay representthe mgjority of atech
comparyéstotal energy footprint, the divinginnovationsand productivity traceto the peode
who occupythe huilt ervironmert.

Techrology compariesseethese asimportant factorsin atractingandretaining atalerted,
motivated wokforce. With thisin mind, technology compariesare pging closeattentionto
indoor environmental corsiderationsin thdr facilities. Our andlysis findsthat high-performance
buildings can yield two-fold benefitsin terms of energy and opeating cost savings as well as
improvedoccupait satisfaction. A corcrete example indudesimproved occupat comfort in
radartly-codedspaces(Infosys) andaklity to avoid costs and husiness disruptions by
proactively addressing risks associatedwith poorly commissionedcontrol systems.

Buil ding occyparts and managers mustbe motivated to hdp achieve sustainability gods. Itis
notable that some techrnology comparies--Infosys amongour case study examples--acudly link
renumeration to measued progress towards sustainability performance.

A keyinditutional innovation grategy isthat the prformance ofeachnew bilding shoud bea
significant improvementon that of itsimmedate predecessor - a processof leaning fromeach
new bulding. Only Infosys seems to have formalizedthis practice.

Green, Clean, and Mean1 Stretch Goalsfor the Future

Thetechnology indugry hasbroady demondrated analility to mobili ze eistingtechology to
acheve né-zero large energy fadlities and canpuses. The partial relianceon purchasing carbon
creditsis dminishngasmore aygressive levels of energy effi ciencyare dotainedandlarger
dedcatedrenevable systems are implemerted. A rew geneation of emerging enegy-effi ciency
strategiesd at thelevel of individual buil dings as well ascampusscalesd preserts andher level
of savings potential.

Not all challengesare technological. For example, Adobe, Ebay, andFacelnok are amongthe
fewtechcompariesparticipaingin anew 5-companyinitiative chanpionedby theWorld
Wildlife FundandWorld Resourceslnditute to promote Corporate Renewable Energy Buyer's
Principles, setting aggressive renavable energy gods, addressing barriers,and ollaboratingto
drive dnargein policy.
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Whilethisrepat represents the mostexhausgtive eff ort to date to campile the experience and
remaining opportunities for buildingsin the techrology sector, muchinformationremains attside
the public damain. LEED scorecards hold some ofthemore deail ed informationwe coud locae,
butthisisrelatively high-level, with theunderlying reports remaining proprietary. A strong
movementamongtechndogy compariesto trackandpulicly disclosethe erergy intersitiesof
data centers (see opencompute.org) hasnot yetbeenmatched bysimil ar eff orts focusedon dfice
ernvironmerts. More effort in this regard canbe expected, canpdledin part dueto local and
regional disclosure ordinances,as wdl as the increasing trendtowards corporate soda
responghility reporting.

Theperformance andvell bengof building occupantsis recaynizedto bea pime diverfor
seeking high-performance budings. Hovever, we hawe foundlittle rigorousevaluation of these
desiredoutcomes. Better dataacauisition and evaluation based onmeasualde metrics, coupled
with increasing awaeness of the linkagesbetween huilding performance anaccupant
performanceare likely to spur renavedeffortsin this area.

Themohili zation of more and beter information will dsobe facilitated bystealily improvements
in data-acqusition andandysis datforms (Accenture 2011), and more sophisticdionin terms of
bringing a risk-management perspective to the energy managementprocessin order to ersure
performance ad persistence ofenergy savings, in tardemwith work ervironmentthat is
maximally condweive to produdivity andinnovation.
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A Discrete Technologies

1 HVAC
By PHilip Haves

Applications

Themain areasof opportunity to improve the performanceof heating, vertilatingand ar-
condtioning systems are alternative methods ofcooli ng of occupied spaces, and certral plant
design. Alterndivesto the convertional method ofcooling spacesusng overhead mixing
vertilationinvolve wse of hydronic systems, indudingradantsystems, retural ventilation, and
expoitation of temperature and cotaminant stratification usngundefloor air distribution or
displacementvertilation. Choicesin central plant design includeerergy souce- fuel vs.
electricity, with its impli cationsfor carbon emissionsnow andin the future - andthe se of
thermal storage to shift eledric loadto off-peakperiods or to match heting and ©olingloadsin
time, paticularly in milderclimates, to enale useof heatrecovery chillers. Related topicsare
covered urder the sectionson Didtrict-level Energy Seavices, Waste Heat Recovery, HVAC
Controls, Commissioning, andEnvelope andLighting.

Radant dabheatingandcoolingis a strong canddate to be cosidered lest practice in new
corstructionfor larger buildings orcampuses, particularly in climateswith little or nolatentload,
includingthe western part of the US. In aside-by-side canparisonin alarge dfice bildingin
Hyderabad,India, which hes asummer cli mate simil ar to that of Fresno, CA, radiant dabcoding
used 1/3rd lessHVAC erergy than aconvertional varialde-air-volume (VAV) system(see
Infosys flagship project) (Sastry and Rumsey 2014). Thetop suface of the Slabis exposedto
condtionedspace abwe or the ttomsideis exposed to the space below, or both. Typically
corstructionis cross-li nked payethylene (PEX) tubing placedin the structura dab oratopping
slabbeore corcreteis paured, adllustratedin Figure 1. Becauwse ofthe large surface areacf the
slab,thechilled water supply temperature isrelatively high (~65°F), allowing good useof water-
sidefreecoding. Similarly, the ot water supply temperatureisrelatively low (~80°F), allowing
theuseof low grade waste hed. Thedabsmocothsand shiftsload hut is, consequently, more
difficult to control and size thanradiant panels orair systems. Ventilation can beprovided bya
dedcated atdoor air system (DOAS) in which autside ar istempered aml/or dehumidifi ed, as
required usingan ar handingunit designedfor the purpose. Ceilingfans canbeused as
necesary to extendthe ASHRAE canfort zone anderhanceconvedive trarsfer fromtheslab.
There are numberof examplesof radart-slabbuildings, in locationsranging from Cupetino
(Robeatsand Noi 2010) ard Pdo Alto (Center for Glabal Ecology n/d) to Hyderabad (Sastry and
Rumsey 2014).

12


https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/district-level-energy-services
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/waste-heat-recovery
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/waste-heat-recovery
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/hvac-controls
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/hvac-controls
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/commissioning
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/envelope-lighting
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/flagship-projects/infosys
https://sites.google.com/a/lbl.gov/green-clean-mean/key-strategies/waste-heat-recovery

Figure 1. Radantslab tubing, grior to cancrete being poured (Photo courtesy of Infosys Limited)

Radant coolingand feating can dsobeimplemertedusng light-weight parels, typicdly
mourted atcdling height. It ismuch eaierto retrofit radant parels thanaradiant dab,athough
theylackthe thermal storage cajability of dabsandhencecannot be used to shift andsmoath
loadwithout same aherform of thermal storage, eg., chilled ard/or hot water tanks.

Air systems thatexpoit vertical stratificationin occuped spaces,such asundeafloor air
distribution (UFAD) systems and dsplacanentvertilation (DV) systems canaso useless HVAC
enagy thanVAV or other systems thatare designedto mix the ar in the space.DV systems
introduce thesupply air at very low speed.The air isthen entrainedinto buoyantplumes, which
are exhausted near the ceilingasshownin Figure 2. UFAD systems introduceair into thespace
through swirl diffusers thatinduce amodest amountof mixing nearthe floor. Savings arise in two
ways: (i) the supply air temperatureis Hgher (~68°F for DV and~64°F for UFAD, canparedto
55-60°F for VAV or other mixing systems), dlowing greater useof air sidefree codingand
correspondingly lesschiller use, and (ii) thefanpower requirementis reducedbecause theair is
suppiedatlower speed.The dfect of the dumesisto remove cortaminarts aswell as heatfrom
the occupied part of the space,improvingair qudity. However, bah systems have their
chdlenges. Displacementventil ation g/stems canbedifficult to st up correctly in normal heght
speces, athough theywork reliably in higher spaces, such asaudtoria, arports andindustrial
buildings. UFAD systems use the voids below raised floors aspressurized supply plenaand
careful constructionisrequiredto ersure that they do not le&. Free cooling canbeincreased by
usngindirectevapaative codingin ar handingunitsandroof-top pa&age urits, at the costof
greaer pressure drop and,hence,increased fan power. Simulation-based arlyses are requiredto
identify thelowest energy sdutions for agiven cat, aggregated over atypical yea.
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Figure 2. Mixing vertilation (left), displacemaent ventilation (right) (Imagescourtesy of Price
Industries)

Further eneggy consumption reductionscanbe dotained through the useof chillers with magnetic
beaings, which have significantly higherefficiendesthan cowentional chillers, particularly at
lower pat loads(these wae aplied bythe Infosys flagship project ). A Navy study found
savingsin chiller plantefficiencyof 40 to 50% (Naval FadlitiesEngineering Command 2012
Chillers whae performanceis optimizedfor low lift, i.e.,relatively small difference betweenthe
temperature at which heat is removed andhetemperature at whichthat heat isrgjeded to the
ernvironmert, are sartingto emerge orto the market. Such aillers wauld bewell matchedto
appications,such asradant cooli ng, thatrequire relatively high chilled water temperatures.

Dependng onthelevel of internal heet gains, it may be passible to echieve canfort using natural
vertilation, with air flowing in through opeable windows orother openings and exhawsted
through other windows oroperingsin ocupiedspaces or at the top of anatrium or draft tower.
Simple methodsfor assessingtheviahlity of natural vertilation for differentbuilding typesin
differentclimatesare described by McConahey (2008). Flow canbedriven bywind or by
buoyancy("stackeffect"). In geneal, natural vertilation usng operable windows reguresa
shallow floor plan. Oneadditiona advartage ofashallow fl oor planistheincreased opprtunity
for daylightingandcorrespondng reductions in erergy usefor artificia lighting. In ‘cross-flow'
vertilation, air may fl ow through multi ple spacesbetween @tering andexting at differentsides
of the huilding. In dngle sided-flow, ar enters and exits through openingsin the same facade,
typicaly in the same space Flow canbe wind orstack diven- ustally flow rates are lower than
undercrossflow vertilation buteasierto implementin terms of space plaming, paticularly for
exigtingbuildings. A further advantage of natural vertilation usingopeaalle windows is that
thermal comfort canbebased onthe enpirically derived Adative Canfort extensionto the
ASHRAE canfort standard (ANSI/ASHRAE 2013),in whichtherange ofaccepable indoor
tempeaturesisreatedto areeent average ofthe meandally outsidetemperature. One
expandionfor thisreationship isthat occupants modify ther clothing level based on recent
wedher.

'‘Mixedmode' or 'hybrid' systems combine retural vertil ation andmechaitcal coding, usng
natural vertilation whenard where possible and mecharcal codingwhenand where negssary
(Centerfor the Built Environment2015. A particular synergy is passible whenthe mechaiical
codingis provided byaradiant system(Roberts andNgvi 2010;Center for Global Ecology n/d).
Sincethedesign provides for outsideair distribution thatis adequete to providetherequired
sensible caling undermild weaher condtions,natura ventilation shoud bemore thanadeaate
to meetfresh air requiremerts when the sensible load is met by theradiant system. Such @signs
avoid the various costs (and space requiremerts) assaciated with the provision of aductsystemas
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longasthe aitsideair isnever so hotthatit canrot be sufficiently tempered by contact with
interior sufacesor mixingwith theair in thespace.

Thereis not acomplete cansenaus that hydronic systems are superior in performance ad ccst to
corvertional variable-air-volume (VAV) systems (Stein andTaylor 2013), thowgh heethe
comparisonis with active chilledbeams ratherthanradiant dabs. Careful design of VAV systems
can eale zoneair flow ratesto beturned down byasmuch as 11, significartly rediwcingthe
reheatrequired whenthereis subgartia diversity in zoneloads. Thereis atrade-off between
increasing the depth of the cailsto increasethe dfferencebetweenthe supply andreturn water
temperature; thisincreases chiller COP andreducespumping costs butincreases air pressure dop
and hecefanenergy use. As with radiant slabs, though to alesser extent, increasingthecail
deph alows higher chilled water supply temperatures, increasing the opportunities for water-side
free canling, and dowinglower hot water sugply temperatures, increasing the opportunitiesto
make wse of waste hest.

Thesolutionsdiscussed sofar all assume 'built-up' mechanca systems based onchill ed water
and ot waterfroma cantra plantor boilers and chillersin eachbuilding or groupsof buil dings.
An dternative approachisto usepadkaged urits with direct expaision (DX) coding, typicdly
installedontheroaf. Roof-top pakage urits are effectively restrictedto low-risebuil dings and
canrot make wse of chilledor hot water thermal storage, though theydo notincur the pumping
andthermal losses associated wih district heging andcoding systems, in particular.

All thetechnologies dscussed above, with theexoeption of DV, are well estaldished andare
startingto beaccepedas best practices for commercial new ®@ngruction, at least in the Western
Us.

Econamics

Infosys Limited has parformed astudy of the @mngruction costs and @erating costs for radiant
dabandVAV systemsin two identical halvesof abuildingin Hyderabad,India (Sasry and
Rumsey 2014. The corstruction astfor theradiant dab systemwasslightly lowerandthe
opeaating cost was consistently ~34% lower over a period of several yeas. Theeconamics of
natural vertilation vary significantly. The mostfavorable caseis new canstruction where theuse
of natural vertilation canawid the needfor mechanical cooling. In retrofit, replacementof fixed
windows with gperalde windows is typicaly not cost eff ective unlessthe windows needto be
repdaced for otherreasons. Mixed-modesystems may not becost eff ective urlessthe useof
natural vertilation allows the mechaical systemto bedownszedsignificantly. A more favorale
casewould be the canbination of radiant coding andnatural ventilationif the natural ventilation
systemcan olviate the nexd for amechanmcal vertilation g/stem.

As regards magnetic bearing chillers, astudy by the US Navy indicated paybackperiods~1 year,
depemlingonthe uility rate andthe hours of use(Naval FacilitiesEngineering Command

2012. Maintenance cogs are substantially redwced kecauseof thelackof needfor lubricating oil
andthe redwced weght of the caonpressor.

Other considerations
Hydronic systems typically have lowerfannasedue to thelower air flow ratein the DOAS
compaedto convertiond systems. Havever, systems with exposed @&@iling slabsrequire careful

incorporation of measuesto reduce soundgereratedin the occupied space. Noiseproblems are a
major souce of complaintsin manycommercia buildings (Jensen and Arens 2@5).
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Institutional requirements & capacity

Because theyincorporate thermal storage, radantdab systems are more dfficult to Sze, @ntrol
and omrate and socareisrequredto select mechanica designers andcontrols contractors that
have previousexperiencewith successful radiant slab systems. Speial trainingfor opgatorsis
evenmore importar, to ensure that theyundestandhow such systems operate, in paticular, the
longresponsetimesand how to dedl with them.

2 Eledronics andNetworks
By Bruce Nordnan, EvanMills, andJessica Granderson

High-tech conpariesare defined bytheintell ectual outputtheir employeescreate with their IT
devicesandother dectronics. Theseincludecomputers, displays, retwork hardware, small power
suppies, imaging devicesvendng andbeverage machines, anong dhers. New ways are
emergingto cortrol, monitor, andpower devices.

Depending onthedefinition, theseloads account for on the order of 20% of total enegy usein
commercial buildings. Therarge oftypical to best practicediversified paver density ranges
from2to 0.25W/ft2 at peak cortributingon average about0.75kWh/ft2-y to oveall building
enagy use(WilkinsandHosni2011). Thepreserce of evensmall server rooms significantly
increasesthese values. Besause of the speedof technology developmentin this area, caalilities
cantransition fromspeculative to widely availade in justafewyeas, introdwcing a
fundamentally different setof opportunitiesand challenges. Becauwse retwork-basedtechrologies
derive much oftheir value fromcomputation and canmunication, manycapallitiescanbe adled
or upgraded in thefield via sdtware updates. Theaklity to canmunicae through open ad
stardard protocolsis anessertial foundation.

Applications

Many comparieshave pdiciesto purchase orly ENERGY STAR(R) compliantproducts. Thisis
a neeledfouncition, hut mustbe accomparied byprocesses to ersure compliance, addess
product typesnot addressed by Enegy Star, andbe atentive to product-specific gpportunitiesto
go begyondthis relatively modest "top-25%" threshold, to procure best-in-class produds and
componers (eg., usngtheTop-10 gstemdepctedin Figure 1). Attertionshaild alsobe paid
to products with low standoy power requiremerts. In same caes, timers can bedeployedto
ersure noafter-hous and weekend ogrations.
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Figure 1. Top-tenidertifiesprodicts at the very high end of the efficiency spectrum
(http://lwww.toptenwsa.org).

Electronics and other miscellaneoud oadsof course have drect impads onspace-condtioning
enagy, andthus urderstanding andmanajing themis important atthe kuildinglewel.
Maximizing efficiencyaswell asdiversity are additional important determinarts of design loads.
Rulesof thumb tendto over-estimate demand(historicaly 3 to 5W/ft2 in manycass) andlead
to HVAC over-sizing andconsequentexcesscapita and opeating costs.

As electronicsberergy useis aproduct of bath powver levels and operating paterns, assuring
optimal device qperationisa aitical strategy. In many buldings, mostenergy used by PCs, for
example, ocurs when nooneis present or whentheuseris not performing computational tasks.
While manydevices lave the aility to paver down--fromeledronicsthat cango to sleep,to
coffeemachinesthat canturn themselvesoff, to dimming of computer displays, to vendng or
beverage coders that canturn off lights when not needed --these alilitiesare oftencrudely
corfiguredor disabledertirely. Foal- and beerage-related devicescan beparticularly enagy-
intensive and sshaild beatargetfor savings. TheIT nework is apotential, areadyexisting
mechamsmto make visible such problems, dstribute better operationd policies, and tracktheir
results.

Advanced powestrips are atechrnology thathas been successfully apdiedto manaye the anergy
useof eectric plugloadsin commercial buildings. Threemodesof control are dfered,aloneor in
combination: schedule-basedtimers, loadsensing, andoccupncy/vacancysensing. Many
offerings exist onthe canmercial market. In addtionto power strip cantrols, these loadscan be
redwedthrough explicit target setting, workplace policies, anddesign choicesin new
corstruction projeds (Lobato et al, 2011): computer monitors canbe spedfiedto useL ED backlit
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L CD monitors can beused insteadof fl uorescent backli ght or CRT monitors; personalcopers,
printers and fax machnes can becenraizedinto canmon multi-user stations; laptop computers
can beused instead of desktops,for employees who dmot need maximum computational power;
the nunberof breakrooms and kitchenscanbe gotimizedto serve maximum numbers of
employees reducing unreaededredundncyin gopliances; elevators canbe eguipped wih
occupancy-cortrolledhigh-efficiencylighting andfans, andin same bulding designs hydradic
modds can be replacedby regenedtive traction modds.

An emerging feaure of networked devicesistheir ahility to track ther own enggy useandrepat
it to theloca network (Nordman 2014. Thisis called"Energy Repating” and can be sedto
undestand andrackenergy useandkey performanceindices.Energy Repating hasbeen

avail able for manyyeasin same dda certer and telecommunications equipmert, sincetheseare
critical servicesandhighly managed. S$andads are emerging, for example ANSI CEA 2047
definesEnergy Repating for appliancesor anyother devicethat chomesto useit. Electronic
devicescanuseexisting network interfacesto report energy data. \While some devicesmay
includehardware to measue powerevels drectly, manycanreliably estimate their consumption.
Buildingowners will beincreasingly alleto trackeneagy useof eachdevicein abuildingwith as
fineatimeresolution asdesired. The marketis asoseeing the emergence ofintegrated
monitoring andcontrol solutions; two examplesare Buddefly (whichindudeslightingand
thermogats) and Emmetric. An illustrative example of monitoring andreporting offeredin the
Enmetric platformis shownin Figure 2.

In addtionto providing energy usedata, this capability alsoauomatically provides adetailed and
dynamicdly updaedinventory of the devicesin huildings, and canshowther operating pattern
overthecouseof aday, week, oryear(Nordmanetal., 2014. Thiscanrevea the exstenceof
savings oppatunities, provide quatitative evidenceof how much pdertial savingsis at stake,
andshowthe presence ofenergy-using devicesthat are nolonger needed. This new information
can ealde more energy saving measuesto beimplemented, andmore rapidly than would
otherwise bethecase. Enegy usedatareporting can be gggregated acossan aitire canpus,for
greder visihility, while maintaining desired dtail such asdisaggregation bydevice type,time of
day/week, or businessfunction.
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Figure 2. Saeanshotof a plug load monitoring andreporting goplication
(https://www.enméric.car/platform)

Another opportunity is Direct DC powering (Garbes et al., 2011). This takesadvartage ofthefact
thatall el ectronics and most miscellaneousdevices (andmanyothers such asfluorescentand LED
lighting) are alreadyDC internally. Commercial buildings have wised DCpoweringfor yeas for
niche applications such asphanes, Wi-Fi access points, and snall USB devices. Indugry groups
suchasthe Hrerge Allianceare wokkingto develop standardsto fadlitate increased upake of DC
power distribution systems in commercial buil dings. Direct DC canavoid hadware and osses
frommulti ple AC/DC conversions,endle simplerintegration of local gererationand $orage, and
reduceingallation and maintenancecosts. DC devicescan beintegratedincremertally over time
in addtion to large-scale introdudion when a huildingis undegoing a sgnificant retrofit. Since
DC power distribution usually indudes communications, it is

synergistic with the other techndogies discussed in this section. DC daacenters have been
demondrated.

Thewire for network andphone conmunicationsin buildings is already sutedto being used for
DC powering. However, the future wire andcable typesbest suitedto DC are notyet certain, so
for new buldings orsignificantrenovations, kuil ding owners shoud ensure that new wiring or
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